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82 B. & W. Boilers have been supplied 
for the major stations of the North- 


Eastern Electric Supply Co. Ltd., 
giving a total normal capacity of 
nearly 4,000,000 Ibs. of steam 


per hour. 


THE NORTH-EASTERN 
ELECTRIC SUPPLY CO. LTD., 


has always made the utmost use of the latest developments 
when designing new stations, and therefore it is natural that 
the Dunston 50 Cycle Station which commenced operation in 
1933 should possess a number of unique features. 

12 B. & W. Boilers are installed for a total maximum capacity of 
about 1,750,000 Ibs. of steam per hour at 625 Ibs. per square 
inch and 840°F. All these boilers are equipped with complete 
Bailey Furnaces, 8 of them — fired with B. & W. Style 28 
Stokers and 4 being pulverised fuel fired. Six of the boilers 
incorporate steam reheaters and all have superheaters, 
economisers and air heaters. 

The upper illustration shows the interior of the Bailey Furnace 
on one of the pulverised fuel fired boilers, which is equipped 
with Calumet burners. 

The illustration on the left gives an impression of the station as 
seen from the North bank of the River Tyne. 

Our Reprint No. 1173 of a technical paper article describing 
this installation will be sent on request. 


BABCOCK & WILCOX LTD. 
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WELDED 
STEEL TUBING FOR 
TRANSFORMERS 


A precision product. Clear surface 
inside and out. Great ease of manipu- 


lation. 


Write for our publication J.50. 


TUBE PRODUCTS LTD. 


(INCORPORATING H. JOYCE & CO.) 


OLDBURY BIRMINGHAM 
@ The Radiators seen in this photograph are manufactured by The 
English Electric Co. Ltd., Stafford, England, and constructed from 
Tube Products Limited’s special e!liptical section. 


PACKINGS 


JOINTINGS 


Walkers MOULDED VALVES 

have a reputation for quality. They - 
can be supplied for any service. We 

specialise in the manufacture of 

Rubber Diaphragms. 


“GASKOID” Jointing 1s 
permanently Oil and Petrol 


resisting. The material is tough “KROMYDE” is a high GOLDEN 

yet supple. and is used extensively grade lubricated leather packing “ WALKERITE ” :s 
on very important jobs. Write for service in oil at low tem- recognised as the ‘King’ 
for Free Trial sample. perature and pressure. of H.P. Steam Jointings 


JAMES WALKER & CO., LTD, 
WRITE FOR CATALOGUE H.6. “LION” WORKS - WOKING + SURREY 
PHONE. WOKING 1040 - GRAMS. LIONCELLE 
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DATA 
CLUTCHES 


Anew booklet 
by Broadbent 


| | 

Te NW 


| 
| Motive Power is often purchased on the 
ie basis of the rated H.P. of the motor, 
if consequently if it is possible to use a 
a motor of minimum power a consider- 
an able saving would be effected in power 


and installation costs. 


A ‘* Broadbent” Automatic Centrifugal 
Clutch Pulley or Coupling enables a 
motor of minimum overload capacity to 
start up without the slightest trouble 
against full load, and definitely reduces 
the starting current consumption. 


Over 20,000 already supplied. 
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“MARELLI” 


(REGp. TRADE MARK) 


ELECTRIC FANS 


EXHAUST and VENTILATING TYPE 
THE MODEL 


HAS OUR SPECIAL 
6-WAY PROPELLER 
BLADES. 


TOTALLY ENCLOSED 
BALL BEARING 
MOTOR. 


RUNS SILENTLY 
AND FREE FROM 
VIBRATION. 


The “NINFA” 6 inch 


Universal D.C. & A.C. 
(periodicities 25, 40 and 50 cycles). 


Small Watt Consumption 


Ideal for Kitchenettes, 
Larders, Bathrooms, etc. 


MARELLI & Co. LTD. 
[9-20 Garlick Hill, LONDON, E.C.4 


Telephone: CENTRAL 3621 & 7745. Telegrams & Cables: ‘* MARELLI, LONDON.” 
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THE LATEST 


IN RECTIFIERS 


The most important development since reliable metal 
rectifiers were first introduced eight years ago— 
plate type construction with forced cooling by means 
of small fans. This means greater efficiency with 
reduction in size for a given output, and the set 
illustrated is capable of delivering |OOO amperes at 
6 volts for electro-plating. 


The standard to which Westinghouse Metal Rectifiers 
have been built, and which has made them world- 
famous for reliability, has been 
more than maintained in this 
later and modern method of 
construction. 


Whenever you are faced with a 
rectification problem, write to 
Dept. E.E.]. for full details of 


+) |WESTINGHOUSE]@ 
METAL RECTIFIERS 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
82, YORK ROAD, KING’S CROSS, LONDON, N.I. 


comes 

from infinite 
technical care 
—and 
experience 


Taylor Tunnicliff & Co, Ltd., 110 Cannon St., London,E.C.4, Factories at Hanley, Stone & Longton, Staffs. Tel. : Mansion House 7211-2 & Hanley 5272-4. 
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STEEL SECTIONS IRON ®& 
MERCHANT BARS + FLITCH PLATES 
HOOPS, ETC. 


Full range of sizes and large tonnages always in stock. 
MONTHLY STOCK LIST MAILED ON APPLICATION. 


| HALL BROS (West Bromwich) 
WEST BROMWICH 


Celephone: No 
Tipton 1611 (5 lines) 


elegrams Eagle, West Bromwich 


Established 1868 


ATTWATER & SONS 


PRESTON, ENGLAND. 


MICA AND MICANITE IN ALL FORMS. 
VULCANIZED FIBRE. PEERLESS LEATHEROID. 
PRESSPAHN AND FULLERBOARD In Sheets and Rolls. 

EMPIRE CLOTH AND TAPES. 
COTTON AND ALSO ASBESTOS DYNAMO TAPES. 
BAKELITE RESIN, VARNISH, SHEETS, TUBES, ETC. 


For all oil immersed Electrical Apparatus. 


EBONIT AND ALL INSULATING MATERIALS FOR MANU- 
FACTURING ELECTRICAL ENGINEERS. 


Contractors to British and Foreign Governments, Admiralties and War Offices. 


SHEE 
We can supply your requirements immediately 
OR ALL from stock at the lowest possible prices. 7 
PURPOSES ————Hlighest quality only ———— 
SHEETS SPECIALLY SHEARED FOR 
‘ CUSTOMERS’ REQUIREMENTS DOWN TO 3’, i 

ee 4 STEEL, PLAIN & CHEQUERED PLATES 


July/August, 1935, THE ENGLISH ELECTRIC JOURNAL Vil 


OILS 


INSULATION 


AND 


LUBRICATION. 


Silvertown Transformer, Switch and  Penetrol 
Heavy Insulating Oils are used, approved and supplied 
by the principal Transformer and Switchgear Manufac- 
turers. Millions of gallons are in daily use in all 
parts of the world. 


Silvertown Lubricants, for Plant, Machinery 
and Transport of every description, are known 
and appreciated for their outstanding value 
by discerning buyers throughout the world. 


Contractors to The English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 


ilvertow icants 


MINOCO WHARF, 
WEST SILVERTOWN, LONDON, E.16. 


Send for a copy of Booklet on Electrical Oils. 
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* We invite your 


The illustrations show an 
“English Electric “ 
Combined Flameproof Trans- 
former and Switch Unit. 


next enquiry | 


View of Unit with Tank of H.V. Switch removed. 


@For service on any supply pressure up to 
3,300 volts and for any capacity up to 5 kVA, 
for single phase supply. 


Particularly suitable for lighting at the coal face, 
shaft mouthings, haulage houses and crossings. 


Robust construction based on practical require- 
ments of mining service. 


Mounted on skids to facilitate transport. 
Overall height 33 inches. 
Write to-day for 
further particulars. 


LENGLISH J 


ELE EN COMPANY LTD. 


Queen's House, Kingsway. London,W.C 
Works: STAFFORD, BRADFORD, RUGBY, PRESTON. 
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Queen’s House from Lincoln’s Inn Fields. 
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2,500 kw. Back-Pressure Turbine for operating at a steam pressure of 1,100 lb. per sq. in 
Valley Road Power Station, Bradford. 


. at the 


| 
675 kw. Back-Pressure Turbo-Alternator set for Dhrangadhra State Chemical Works. 
| = 
=. 
/ 


The 


English Electric 
Journal 


Vol. VII. No. 3 
CONTENTS. 
PAGE 
THE BACK PRESSURE TURPINE 139 
AND ITS APPLICATION. - 
MopERN House SERVICE WATT- 
HOURMETERS - - - I44 
A.C. Arc WELDING EQUIPMENTS 154 
All Communications respecting Editorial 
Contents should be addressed to Tue Epiror, 


Tue Evectric Journal, THE ENGLISH 


Evectric Company LIMITED, STAFFORD. 


JULY/AUGUST, 1935 


One Shilling. 


EDITORIAL. 


Many of our readers have, no doubt, 
read the announcements which have 
appeared in the press concerning the 
important contract awarded to the Com- 
pany by the Southern Railway. It is 
not our intention here to refer to the 
details of this contract, but for the 
benefit of those who have not seen 
these announcements we may state that 
the contract covers the supply of elec- 
tric train equipment, including motors 
and control gear, for the Southern Rail- 
way’s requirements for the next ten years. 
We believe this contract to be the largest 
ever placed for electric equipment in this 
country by a British railway. 

Many industries require large quan- 
tities of low-pressure steam for their 
various processes, and it has long been 
recognised as uneconomical to raise such 
steam by means of separate boilers. In 
many cases a back-pressure turbine is 
the most suitable means of obtaining 
the low-pressure steam required, and in 
the first article in this issue Mr. J. P. 
Chittenden deals with this type of turbine 
and its various applications. 
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The second article is devoted to a 
description of the house service watt- 
hourmeters recently put on the market 
by the Company. These meters em- 
body design and manufacturing expe- 
rience extending over a period of thirty 
years, 


A study of the various curves in Mr. G. 
Tilstone’s article shows the advantage 
possessed by the fully compensated 
meter as compared with the uncompen- 
sated or partially compensated meter 
over a wide range of loads. 


For installation in localities where 
the provision of earthing facilities is 
difficult, an all-insulated meter, housed 
in a strong moulded bakelite base and 
cover has been developed. 
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The meters are manufactured at the 
Company’s Stafford works in a self- 
contained factory, equipped with the 
most up-to-date tools and plant for 
producing a high-class precision instru- 
ment. It is proposed to describe this 
factory, and also other types of meters, 
in a later number of this Journal. 


The use of electric arc welding has, 
in recent years, increased considerably, 
and in the last article in this issue Mr. 
T. A. Long deals with the many advan- 
tages to be obtained from the use of 
electric welding and describes, in par- 
ticular, the alternating current arc welding 
equipment recently developed by the 
Company. 


THE DIESEL-ELECTRIC PA 


DDLE VESSEL TALISMAN. 
This vessel has recently been put into service on the Clyde by the London & North Eastern Railway Co. The hull 
was built by Messrs. A. & J. Inglis, Ltd. the propulsion machinery consisting of four 400 H.P. Diesel Engines 
and Generators, the main propulsion motor, control gear and auxiliary machinery was supplied and installed by 


The English Electric Company, 
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The Back Pressure Turbine and its Application. 


By J. P. CHITTENDEN, A.M.I.E.E., M.I.Mech.E. 


Engineer and Manager, Turbine Department. 


INTRODUCTION, 

Recent years have witnessed considerable 
developments of the steam turbine along certain 
lines to meet the specialised demands of particular 
industries, such as the textile and its allied 
industries — dyeing, carpet making, leather 
working, paper making, chemical works and the 
like —which require not only electrical power but 
also large quantities of low-pressure steam for 
their various processes, and again for the heating 
of buildings. 

It has long been recognised as uneconomical to 
generate steam for process work in a separate 
system, and the practice of producing steam at a 
high initial pressure and expanding this steam in 
a turbine to generate electrical power, before 
passing to the process work, is now well estab- 
lished. 

When the relative variations between steam 
and electrical load are wide, pass-out condensing 
type turbines are employed, in which the neces- 
sary quantity of steam for process or heating 
purposes is extracted from the turbine after the 
high-pressure portion, and the remainder passes 
through the low-pressure portion of the turbine, 
thus doing further useful work before being 
exhausted into the condenser. In such a turbine, 
large variations in steam and electrical load can 
be met in an efficient and economical manner by 
controlling the amount of steam passing to the 
low-pressure end of the turbine. This control 
can be obtained without any variation in the 
speed by special governor gear as used by the 
English Electric Company.* 

BACK-PRESSURE TURBINES FOR INDUSTRIAL 

PURPOSES. 

In many industries, such as those already men- 
tioned, there are cases where the demands for 
steam and electrical power are in practically con- 


* See paper before the Institution of Mechanical Engi- 
neers, Bradford, October, 1924 (Chittenden and Burge) on 
** Steam Extraction or Pass-out Steam Turbines.’ 


stant proportions, and for such conditions the 
back-pressure type of turbine is in many ways 
more suitable. 

The back-pressure turbine is of simpler con- 
struction since all the steam entering the turbine 
is exhausted into the heating or process mains. 
The low-pressure portion of the turbine and con- 
denser being dispensed with, results in a less 
expensive plant and layout, and at the same time 
a higher thermal efficiency is obtained, due to 
the saving in windage and idle steam losses, which 
occur in the low-pressure end of a pass-out con- 
densing type turbine under certain conditions of 
working. 

The relation between the quantity of steam 
exhausted from the turbine and the electrical 
output is, of course, an inherent characteristic 
of the machine, but provision for slight variations 
from proportionality between steam and load 
requirements can be made in a variety of ways 
depending upon the particular circumstances, and 
without appreciably affecting the overall thermal 
efficiency of the plant. 

In the case where a separate electric supply is 
available, the whole of the steam required for 
process is passed through the turbine and any 
excess electrical power generated is fed into the 
external system. Conversely, if the steam passing 
through the turbine is insufficient to provide the 
requisite electric load, then power can be drawn 
from the line. 

A typical example of turbines built by the 
English Electric Company to meet these condi- 
tions of operation is shown in Fig. 1, which 
illustrates two 10,000 kW. 3,000 r.p.m._back- 
pressure machines designed to work at an initial 
steam pressure of 565 Ibs./sq. in. absolute, 
725° F. total temperature, exhausting into the 
process main at a pressure of 55 Ibs./sq. in, 
absolute, with provision for raising the pressure, 
if desired, to 70 Ibs./sq. in. A special oil- 
operated control of “ English Electric” design 
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is fitted to ensure a constant back pressure 
under all conditions of working.* 

These turbines were supplied to the order of 
the State Electricity Commission of Victoria for 
a briquetting factory at Yallourn, where the 
primary requirements are for constant pressure 
process steam used in drying the raw coal. 

In cases where the back-pressure  turbo- 
generator is the only source of electric supply 
and the proportion of process steam to electrical 
output is reasonably constant, any slight varia- 
tion can be provided for by exhausting a portion 
of the steam to atmosphere when the electrical 
load is greater than steam demand, and, on the 
other hand, by adding high-pressure steam 
through a suitable reducing valve to make up any 
deficiency in low-pressure steam for process work. 

This, however, as will readily be appreciated, 
shows no economic advantages if taken beyond 
certain limits, and the case then would be better 
met by the installation of a condensing turbine 
of the pass-out type. ; 

The upper illustration of the frontispiece 
shows an “English Electric’ back-pressure 
turbine designed to operate on the principles 
mentioned above for use in a chemical works 
in North-West India.| The machine is of the 
simple impulse type having 9 stages of about 
30 in. diameter, designed to give an economical 


* See ** Engineering,’ December Sth, 1930. 
t+ See ** Engineer,” January 14th, 1927. 


Two 


Fig. 1. 
Briquetting Factory. 
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Fig. 2. Combined Reducing, Atmospheric Relief, and 
Change-over Valves. 


output of 675 kW. at a speed of 3,000 r.p.m. and 
an overload capacity of 1,125 kW. The initial 
pressure is 240 lbs./sq. in. gauge with a superheat 
of 140° F., the turbine exhausting under normal 
conditions into a process main at a back pressure 
of 30 lbs./sq. in. gauge. It is fitted with reducing, 
atmospheric relief and change-over valves com- 
bined in one unit as shown in 
Fig. 2; these valves, together 
with the automatic control, were 
designed and built by the English 
Electric Company. 


BACK-PRESSURE TURBINES 
SUPERPOSED ON EXISTING 
PLANT. 

A further important appli- 
vation of the —back-pressure 
turbine is the superposition of 
such on existing turbo-generator 
plant, by which means, with 
the addition of boilers working 
at a higher initial pressure, the 


thermal efficiency of the statio 
10,000 kW. Back-Pressure Turbo-Alternator Sets ina ‘ J th tion 


can be greatly improved. 


= 
» 
ui 
a 
ii 
4 
4 
- 


THE ENGLISH ELECTRIC JOURNAL 

In such a case the high-pressure 
steam, after passing through the back- 
pressure turbine, exhausts into the 
steam main of the existing turbines 
at their designed pressure. 

The lower illustration of the frontis- 
piece shows an “ English Electric ”’ 
back-pressure turbine installed in a 
large generating station in the north 
of England.* This station was orig- 
inally designed for a normal working 
pressure of 200 Ibs./sq. in., and 
subsequent extensions were carried 
out on the same basis, later the need 
arose for still further extensions 
coupled with the increasingly im- 
portant necessity for an improved Fi 
overall thermal efficiency, which, it 
was appreciated, could only be attained by the use 
of higher initial steam conditions. To meet these 
requirements and at the same time utilize the 
existing plant, the 2,500 kW. 6,000 r.p.m. 
back-pressure turbine illustrated was installed in 
conjunction with boiler operating at 
1,100 lbs./sq. in., the steam temperature being 
800° F. 

The turbine exhausts at about 205 Ibs./sq. in., 
525° F. total temperature, and the steam is passed 
through a reheater integral with the high- 
pressure boiler, where it is raised to a total 
temperature of 700° F., and thence passed to the 
main steam range of the station supplying the 
existing medium pressure turbines, where it 
generates a further 6,500 to 7,000 kW. before 
finally being rejected to the condenser. 

This plant was designed and constructed to the 
instruction of Mr. Thos. Roles, M.I.E.E., City 
Electrical Engineer, Bradford, the English Electric 
Company being Main Contractors for the whole 
equipment. 

BACK-PRESSURE TURBINES FOR AUXILIARY 

SERVICES, 

When for any reason the main generating plant 
in a station is closed down, and the station is 
isolated from any external source of electric 
supply, it becomes necessary to install emergency 
plant to provide power for lighting and for 


* See * Engineering,” January 26th, 1934. 


3. 


250 kW. 600 R.P.M. Geared Back-pressure Set for 
Athens Power Station. 


starting up the main turbine auxiliaries before 
the main sets can be put into commission. In 
such circumstances of infrequent operation where 
initial cost takes priority over running cost, the 
back-pressure turbine, discharging to atmosphere, 
is the obvious solution, and for emergency service 
it has the advantage of being independent of con- 
densing plant, which gives added reliability by 
virtue of this reduction of components to the 
elementary necessities. 

An example of this is shown in Fig. 3, which 
illustratres a 250 kW. 6,000 r.p.m. geared back- 
pressure turbine and generator erected on the 
test bed at the Company’s Rugby Works. This 
unit was supplied as a house set to provide 
lighting and incidental electric power for auxi- 
liaries in conjunction with the main generating 
plant for a large mid-European Power Station, 
and is designed to operate at the same steam 
conditions as the main sets, namely, 300 Ibs. sq. in. 
at the turbine stop valve, total temperature 
700° F. The turbine exhausts at 16 Ibs. per 
sq. in. absolute, and the exhaust steam can be 
used for feed heating, or exhausted to atmosphere 
as may be desired. 

A further development of the back-pressure 
turbine for emergency power station auxiliary 
service is the quick-starting set which is designed 
and arranged so that it may be put into com- 
mission immediately either by hand operation, 
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by remote push-button control from the control 
room switchboard, or automatically on failure 
of the electric supply to the main turbine 
auxiliaries. 

In this case also the turbine is of the back- 
pressure type exhausting to atmosphere, and is of 
particularly robust construction so that it can be 
run up to speed in less than a minute, thus giving 
a supply of power and lighting for immediate 
use in the boiler house and turbine room. 

The operating gear of such a turbine is of the 
simplest possible nature ; for hand control at the 
turbine, the operation of one valve sets the 
auxiliary steam-driven oil pump in motion, and 
with the attainment of an adequate working oil 
pressure the steam control valves automatically 
admit steam to the turbine. On reaching its 
designed speed the main governor takes control 
and the machine is then ready to take load up to 
its maximum rated output. Remote operation is 
effected by means of a single push-button and 
automatic operation following on the failure of 
the main electric supply, of course, needs no 
manual intervention. 

Fig. 4 illustrates a 300 kW. 3,000 r.p.m. quick- 
starting set erected on the test bed at the Com- 
pany’s Rugby Works for Hayle Power Station, 
Cornwall. All three alternative methods of 
starting mentioned above are provided on this 


Fig. 4. 300 kW. 3,000 R.P.M. Quick-starting Back-pressure turbine, on test 


at the Company's Rugby Works. 
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machine. electrical circuits are 
battery-operated. 

The set is of the simplest construction, com- 
prising a single overhung Curtis wheel of 30 in. 
diameter mounted on an extension of the gene- 
rator shaft, and is designed for a normal working 
pressure of 250 lbs./sq. in., total temperature 
730° F., exhausting to atmosphere. In order to 
meet further contingencies such as may arise due 
to the failure of boiler auxiliaries the turbine 
blading is designed to have an ample capacity to 
pull full load even at very considerably reduced 
steam pressure. 

Yet another field of application for the back- 
pressure turbine is that of marine auxiliary service. 
Fig. 5 shows one of two 400 kW. 6,000 r.p.m. 
geared back-pressure turbines built for this 
service. These machines are designed for a 
working pressure of 400 Ibs./sq. in., total tem- 
perature 700° F., and are arranged to exhaust 
either to the main condensers or, as back-pressure 
machines, to atmosphere in the event of the 
main condensers being out of service. They are 
of the impulse type having one Curtis wheel 
followed by one simple impulse stage. 

CONSTRUCTION. 

The construction of English Electric back- 
pressure steam turbines follows generally that of 
the Company’s high-pressure turbine practice in 
which field it has had consider- 
able experience, including the 
first experimental example of 
the Benson boiler and its accom- 
panying turbine, which was 
operated with steam generated 
at 3,200 Ibs. per sq. in., reduced 
to a pressure of 1,420 lbs. per sq. 
in. at 900° F., total temperature 
prior to entering the turbine.* 

The outstanding features of 
construction include a_ rotor 
machined from a solid forging, 
thus ensuring maximum rigidity, 
low working stresses, and giving 


relay 


* See paper before the Institution of 
Electrical Engineers in London, Novem- 
ber 3rd, 1927 (Law and Chittenden) on 
‘* Higher Steam Pressures and their 
Application to the Steam Turbine. 
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Fig. 5. 400 kW. 6,000 R.P.M. Geared Back-pressure Turbine for ship auxiliaries. 


a critical speed well removed from the normal 
The employment of a solid rotor 


running speed. 


ENGLISH ELECTRIC JOURNAL 


having discs integral with the shaft also leads to 


reduced diaphragm gland losses in as much that 


the gland diameter is smallerthan 
for separately mounted discs. 

Built-up 
phragms are employed through- 
out the high-pressure end 
of the turbine, which enables 
accurate machining and finishing 
of all faces of the steam passages 
to be carried out, with the con- 
sequent assurance of a highly 
efficient steam flow. 

The rotor blading, to meet 
the exacting conditions of high 


nozzles dia- 


pressures and temperatures, is 
of special alloy steel accurately 
machined from solid bar. 
YFFICIENCY OF BACK-PRESSURE 
TURBINES. 

The efficiency of back-pressure 
turbines is inherently of a very 
high order due to the fact that 
in most cases the steam is in the 
superheated state throughout all 


150° F SUPERHEAT. 
350°F SUPERHEAT. 


143 


stages of the turbine. As a 
consequence, there is no loss due 
to the braking action of wet 
steam such as occurs in the low- 
pressure end of condensing tur- 
bines. Furthermore, since the 
ratio of steam quantity to output 
is relatively large, steam losses 
at the glands, etc., are a smaller 
percentage of the total losses in 
the turbine. 

As a matter of general interest, 
Fig. 6 shows the approximate 
steam consumption in Ibs. per 
kW.-hr. of back-pressure turbines 
of moderately small output 
designed for various initial steam 
conditions and exhaust pressure, 
and it should be added that for 
larger machines these figures 
can be improved upon by 10 per 


cent. or more, depending upon size, design and 
conditions of working. 
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Fig. 6. 


Steam consumption curves for various steam inlet pressures 
and temperatures exhausting at different back-pressures, 
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machines it may be of interest to note the 
following :— 

One 1,600 kW. 6,000 r.p.m. geared back- 
pressure turbo-generator set for the British 
Aluminium Company. This machine is for their 
Burntisland Works, and will be run at practically 
constant load and constant quantity of exhaust 
steam, any balance of power being obtained from 
other sources of supply. The conditions of 
working are: 170 lbs. per sq. in., 500° F. total 
temperature at the turbine stop valve, exhausting 
at a back pressure of 25.7 lbs. per sq. in. absolute. 

One 728 kW. 5,000 r.p.m. geared back-pressure 
turbo-generator set for Messrs. MacRobertson’s 
factory, Australia, for use in the manufacture of 
sweets and confectionery. The steam conditions 
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are: 640 Ibs. per sq. in., 645° F. total tem- 
perature, back pressure 140 lbs. per sq. in. 
absolute. 


One 2,000 kW. 6,000 r.p.m. geared back- 
pressure turbo-generator set for Slough Trading 
{states, Ltd., the initial steam conditions being : 
600 lbs. per sq. in., 700° F. total temperature. 
This machine is of the superposed type exhausting 
into existing turbines at a pressure of 215 lbs. per 
sq. in. absolute, one of the existing machines being 
an ‘* English Electric ’’ multi-stage, single-cylinder 
turbo-generator of 7,500 kW. maximum con- 
tinuous output, which turbine was described in 
the English Electric Journal, Vol. VI, No. 4, 
January-March, 1933. 


Modern House Service Watthourmeters. 
By G. Tilstone, A.M.I.E.E. 


The importance of Watthourmeter performance 
to the Power Supply Company needs no special 
emphasis. Whatever system of tariffs is em- 
ployed the accurate registration of the meter 
is of vital importance whether it forms the basis 
of charge for Bulk Exchanges of thousands of 
kilowatts or merely meters the domestic supply. 


It will be readily appreciated that, apart from 
any system of standing charges, any metering 
error directly affects the total power sales revenue 
from that particular load by the same amount. 
Any temporary slight drop in generation or 
distribution efficiency merely affects a com- 
paratively smaller portion of the production 
costs by the percentage concerned. 


Concurrently with the attainment of higher 
efficiency in the production and distribution 
costs, the demand for greater accuracy in the 
metering of the energy at the point of con- 
sumption has resulted in the gradual develop- 
ment of meters of improved performance and 
life. 


Thus from the point of view of initial charac- 
teristics and accurate running over long periods 
the Watthourmeter must be ranked as an elec- 
trical instrument of precision. 


Extensive research has contributed to the 
manufacture of quantity produced meters of 
commendable performance and, although certain 
features are possibly capable of improvement, it 
must be admitted that at current prices the 
Watthourmeter represents one of the most highly 
developed and finished pieces of apparatus 
produced by the electrical industry. 

The House Service Meter produced by the 
English Electric Company embodies design and 
manufacturing experience extending over thirty 
years. 

Each individual component has been evolved 
as a result of constant research in material and 
manufacturing processes over many years, while 
the complete instrument presents a well finished 
product of easily assembled precision-machined 
units. 

Although the material costs per meter are 
appreciably higher than the average, modern 
methods of production employing the latest 
developments in machine tools and _ testing 
apparatus enable the meter to be produced at 
a competitive price. 

Considered as an assessor of revenue, the costs 
of the features embodied will be seen to be: well 
warranted. 
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REQUIRED PERFORMANCE. 

The required performance of electricity meters 
is laid down in B.S.S. No. 37 Specification for 
Electricity Meters 1930 the sections of greatest 
practical importance being the accuracy over a 
certain range of load at unity and 0.5 power 
factor, starting current and change in performance 
with change in voltage. 

Sustained accuracy over a period of three 
to five years before overhauling is of vital im- 
portance both from the point of view of avoiding 
loss of revenue and also in keeping maintenance 
costs to a minimum. 

Loap CuRVE REQUIREMENTS, 

In Fig. 1 the limits of errors specified by 
B.S.S. No. 37 are shown graphically by figures 
DEFG and HJKL. It will be noticed that the 
limits of error are specified up to a load of 125 
per cent. of normal current, at which load the 
maximum error in registration permitted is + 
2 per cent. Rectangle PQRS is the figure 
in which the Load Curve A of the English Electric 
Meter Type UW falls. 

It will be seen that the band of error PS is 
only a fraction of the permitted band DL, while 
the range of load represented by PQ represents 
300 per cent. of normal load as against 125 per 
cent. for the permitted error of + 2 per cent. 

VALUE OF OVERLOAD CaPACIty. 

Due largely to the rapidly increasing installa- 
tion of electrical domestic 
appliances, a great deal of © ™ 
attention is being paid to the 
performance of meters on over- 


loads. It is necessary, therefore, 


Meree A FULLY COMPENSATED FOR 
MeTrer B PARTIALLY COMPENSATED. 
MeTer C UNCOMPENSATED For OvERLOAD. NOT MADE @y THE ENGLISH ELecTRicC® 
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buyers as a matter of course, there is no doubt 
that the 100 per cent. margin has been regarded 
as necessary to cope only with exceptional 
circumstances. 

The objections raised to running meters on 
sustained overloads can be broadly classified 
under three headings :— 

1. Inaccuracy of Registration on Overloads. 

2. Shortened life of meters. 

3. Increased noise. 

Dealing with the first objection, this has been 
based on the fact that the load curve of a meter 
which is not specially compensated for over- 
load, droops very badly from 150 per cent. 
of normal load upwards, and that self-heating 
errors are introduced owing to the high tempera- 
ture rise of the windings. 

Referring to Fig. 1, load curves up to 300 
per cent. normal are shown for three different 
makes of meters. It will be seen that the curve 
of the fully compensated meter droops only 
0.6 per cent. at three times full load. 

For the purpose of illustrating more clearly 
the advantages of a fully compensated meter, the 
curves in Fig. l(a) are compiled from the charac- 
teristic curves in Fig. 1. Fig. 1(a) shows the actual 

ratts unregistered at various loads up to 300 
per cent. and brings into prominence the fact 
that even at the accepted overload capacity 
of 200 per cent. :— 


LOAD CURVES. 


AS mabe By THE ENGLISH 
Not mace ey THe ENGLISH ELECTRIC C? 


to examine very carefully the BSS RECTANGLES. 


commercial practical ad- 


“ENGLISH ELECTRIC” RECTANGLE. 


vantages accruing from the use 


of such meters, and also to 


consider the effect of sustained 
overloads on the life of the meter. 


PERCENT REGISTRATION: 
3 


For many years it has been 
the practice of meter manufact- ” 
urers to give load performance 
figures up to 200 per cent. of 


normal load, and, although the .. 
load capacity of 200 per cent. ~ | 
normal is accepted by meter Fig. 
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Load Curves fer three different makes of Meter. 
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Meter C fails to register 56 
watts x time. 

Meter B fails to register 10 
watts x time. 

Meter A registers the whole 
energy. 

It should be noted that at 
300 per cent. of normal load, 
the value of the fully compen- 
sated meter, curve A becomes 
even more apparent. 

The second objection has 
been that the life of a meter ° ams 


WATTS NOT REGISTERED. 


"WATTS NOT REGISTERED. 
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METER Bi PARTIALLY COMPENSATED. 
_MIETER Ci UNCOMPENSATED FOR OVERLOAD. NOT MADE BYTHEENGLIGH ELecTRiCCe 
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1OAMP @SOVOLT METER. 


is unduly shortened by excessive 


PERCENT LOAD. 


wear of the moving parts while 
running under overload con- 
ditions, and, in particular, the 
pivot and jewel of the lower bearing soon show 
signs of deterioration. 


In this connection, there is ample experience 
extending over many years which proves that 
the Ball and double Sapphire bearing as manufac- 
tured by the English Electric Company gives 
exceptionally long life even when run under 
most severe conditions of overload. Although 
it is true that this bearing is far more expensive 
to manufacture than the pivot and single jewel 
bearing, the reduced maintenance costs to the 
Supply Company are a definite attraction. 


It is appreciated that by far the greater part 
of the life of a house service meter is spent in 
metering a load which is only a fraction of its 
full load capacity. Notwithstanding this, it 
will readily be seen that the uncompensated 
meter entails an appreciable loss in revenue, 
even with overloads of short duration. 


The third objection has been that many 
meters become noisy when running on overload. 
This noise emanates from such sources as loose 
plates in heavily fluxed cores, loose windings, 
adjustable lagging rings, and adjusting members. 
Disc-hum is also a troublesome feature. 


In the design of the inglish Electric ’ 
UW meter, the core of the electromagnet is of 
ample section to allow of a low working flux 
density, and the plates are rigidly riveted to- 
gether. The single lagging ring of heavy section 


ies 


Watts. 


Fig.1 (a). Curves for three different makes of Meter, showing watts not registered, 


is fixed rigidly in position and is not adjustable 
for calibration purposes. 

An important manufacturing process in the 
‘English Electric ’’ meter is that each electro- 
magnet complete with its windings is baked dry, 
impregnated with a special baking varnish and 
baked again at a controlled temperature. 

This process assists in the final consolidation 
of all parts of the unit, guarantees a completely 
damp proof product, and entirely eliminates the 
rusting of core plates. 

Although the finish which this process gives 
may not be so attractive to the eye as coloured 
paper wrappings around the coils, yet a considera- 
tion of the sound reasons for the process will 
leave no doubt as to the wisdom of its retention. 

STaRTING WATTS. 

B.S.S. No. 37 specifies starting current as 
0.5 per cent. of full load. It is necessary to con- 
sider the actual value of starting watts with 
relation to the normal full load capacity of the 
meter, which it is found necessary to instal to 
handle a given load. 

To clarify this point, assume a domestic circuit 
in which the connected appliances may take 
a total current of 26 amps. The consideration 
of curves in Fig. l(a) will indicate that :— 

The 10-amp. meter having characteristics as 
curve A is adequate for their duty, whereas a 
20-amp. meter with characteristics of either 
curve B or C is required, 
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The starting current of each meter expressed 
as a percentage of full load would be roughly 
as follows 

Meter A 0.3/0.4°% of 2,300 watts — 6.9/9.2 watts. 

» Band C 0.3/0.4% of 4,600 watts — 
13.8/18.4 watts. 

At the lower loads the dip below 100 per cent. 
registration between 10 per cent and 60 per cent. 
in the curve of meter B is important. Both 
meters A and © are successful in eliminating 
this loss. 

From these considerations it is apparent 
that considerable economy in capital cost of 
metering equipment can be effected in many 
instances where it is desired to instal a single 
meter for both lighting and power circuits. 

The commercial production of meters with a 
consistently high standard of initial and sustained 
performance demands a robust design embodying 
sound technical principles and production facili- 
ties capable of producing all parts with great 
precision. 

In a later issue of this Journal we shall publish 
a description of the modern factory which has 
been specially equipped for the production of 
a range of precision watthourmeters. A short 
description of the constructional and character- 
istic features of the Company’s type UW meter 
now follows :— 

CONSTRUCTIONAL AND CHARACTERISTIC FEATURES. 
Typk — UW 24, 5, 10 
20 AMPERES. 
ACCURACY. 

The Type UW meter has an _ outstanding 
electrical performance, with a starting current of 
0.3 to 0.4 per cent. of full load. The load curves 
for this meter are shown in Fig. 1(b), and are 
typical for a standard meter capable of operating 
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Fig. 2. Type UW House Service Watthourmeter. 


on 300 per cent. of full-load continuously. This 

performance is attained by sound mechanical 

principles and precision accuracy in construction, 
CASE. 

This is of drawn steel with channel sections 
to give additional strength and rigidity. An 
extension of similar material which is secured 
to the under side of the case, provides enclosure 
and protection for the moulded terminal-block, 
and at the same time completes the metal shroud- 
ing of the meter when the cover is in position. 
This cover is of non-magnetic material, therefore 
the meter can be checked or calibrated with the 
cover removed, thus facilitating any adjustments. 
The nameplate and property label are mounted 


LOAD CURVES 
——UNITY POWER=FACTOR 
POWER-FACTOR LACGING 
i ' 
$0 100 150 200 250 300 
tt PER CENT RATED CURRENT 


Fig. 1(b). Load Curves for the type UW Watthourmeter. 
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behind the window in the cover, the label being 
easily removed for engraving. 
FRAME. 

The frame (Fig. 4), which is also of drawn steel, 
carries the complete meter element and forms a 
screen between the electro-magnet and the brake- 
magnet, thus protecting the latter if the meter 
should be subjected to a heavy short-circuit. 
The frame is mounted so that in the event of the 
comparatively rigid case becoming distorted 
due to irregularity in fixing, the transference of 
this distortion to the frame assembly is avoided. 


BrakkE-MAGNETS. 

The brake-magnets( Fig, 5)are of high-grade steel, 
care being taken in the processes of manufacture 
and ageing to ensure uniformity in all character- 
istics and permanency of calibration. The two 
magnets are permanently fixed together by means 
of a massive casting to form a single unit, and 
one magnet may be moved independently of 
the other, although this movement is unnecessary 
after the meter leaves the factory. Holes are 
provided in this casting to register with corre- 
sponding dowel-pins on the frames. This con- 
struction ensures that the complete brake-magnet 
assemble may be removed and replaced without 
disturbing the calibration, as the possibility 
of a displaced air-gap is eliminated. 


ELECTRO-MAGNETS. 

The one-piece construction of this part is clearly 
seen in Fig. 7. This arrangement, by providing 
definite location of poles, definite flux paths, 
definite iron circuit, and definite pole gaps, 
enables a remarkably exact performance to be 
obtained. 

Rovor. 

This consists of a rigid aluminium disc, having 
a milled edge for stroboscopic examination, and 
bearing one hundred divisions on its upper face 
for ordinary calibration purposes. The removal 
of the rotor and its replacement may be under- 
taken without interfering with the brake- 
magnets by adopting the following procedure. 

Removal of Rotor.—The upper bearing is first 
unscrewed, followed by the unscrewing and 
withdrawal of the lower bearing. As the latter 
is withdrawn, the jewel mount associated with 
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the main shaft is also withdrawn; the rotor 
is then free and may be removed. 

Replacement of Rotor.—The rotor is placed in 
position and the upper bearing is screwed in, 
care being taken to ensure that the needle enters 
the bearing hole in the shaft pinion, and that 
the bearing is screwed tight. The lower bearing 
is then moved upwards so that the plain end of 
the rotor shaft enters the split sleeve of the 
bearing, which must then be screwed home. 
Finally, the disc-hub must be pressed gently 
down with the fingers; this causes the main 
shaft to be fully in engagement with the split 
sleeve of the lower bearing, and brings the disc 
into the correct position relative to the brake- 
magnet and electro-magnet. As the rotor bear- 
ings are fixed during manufacture, no adjustments 
are necessary and no provision is made for them ; 
consequently, as mentioned above, it is important 
that the bearings are screwed home. 


BEARINGS. 

The main or lower bearing, is ‘ pivotless ”’ 
and is of special interest. This bearing is shown 
in detail in Figs. 8 and 10, from which it will be 
noted that the bearing comprises a small, polished 
and hardened, steel ball running between two 
natural sapphires of high quality and finish. 

The rolling action imparted to the ball by the 
revolution of the rotor shaft reduces friction to 
& minimum; and as this provides in effect, a 
bearing with an infinite number of pivot points, 
wear is negligible and no lubrication is required. 
The advantage of this type of bearing lies in 
the reduced friction—which remains constant 
over a considerable number of years of operation 
—compared with single pivot bearing. This 
feature ensures that the starting watts and the 
light-load running of the meter remain unchanged. 

The upper bearing is of the plain polished- 
steel type and acts as little more than a guide. 
A special grease is retained in a recess in the 
pinion and rotor shaft, sufficient to lubricate the 
bearing for a long period. 

REGISTER. 

The registering mechanism, which is of sturdy 
construction, is a separate unit assembly, Fig. 9. 
The correct depth of meshing between the register 
and the shaft pinion is definitely fixed by locating 
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3 UPPER BEARING 


BEARING NEEDLE 


DRIVING PINION 


ROTOR SHAFT 
| 
— DISC HUB 
J — ROTOR DISC 
SPLIT SLELV2 
— NATURAL SAPPHIRS 
POLISHED STEEL BALL 
“~~ NATURAL SAPPHIRE 
3 LOWER BEARING 
Fig. 10. Rotor 
Assembly. 
follows :— 


bosses. The reg- 
ister is readily 
detachable, and is 
removed by slack- 
ening back two 
grub-screws in the 
locating 
whilst to replace 
the register it is 
only necessary to 
insert the locating 
pins in the locating 
bosses and screw 
up and lock the 
grub-screws. 
CALIBRATION AND 
ADJUSTMENTS, 
Three calibration 
adjustments are 
provided as 


bosses ; 


Full-load Adjuster.—This consists of a magnetic 


This 


divert below the limbs of the magnets. 
divert is rigidly attached to & screwed stem which 
fits into a tapped hole in the magnet support, 
and can be locked by the locking screw which is 
provided. 

To make an adjustment the locking-screw 
is released, when the divert may be raised or 
lowered by rotation—raising the divert increases 
the speed of the meter, and lowering the divert 
decreases the speed. The edge of the divert 
is milled to facilitate rotation. 

Light-load Adjuster.—This adjuster consists 
of a non-magnetic vane, which can be moved in 
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Fig. 11, Rear View of Type UW Meter, 


a plane parallel to itself, and is under the influence 
of the shunt flux. Adjustment is effected by 
rotating the slotted-head screw in the direction 
desired, F or 8 ; the device is self-locking. 

Inductive-load Adjuster.—This comprises a wire 
loop carrying an adjustable clamp. In making 
adjustments, the locking screw of the clamp is 
loosened and the clamp is moved to the right 
or left as required ; movement of the clamp to 
the right slows up the meter on inductive loads, 
whilst movement to the left on similar loads 
increases the speed. When the correct position 
is obtained, the clamp is secured by the locking 
screw. 

No special tools are required, as any of these 
adjustments may be made from the front of the 
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Fig. 12. Performance of Meter under Voltage Variation. Fig. 13. Performance of Meter under Frequency Variation. 
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meter by means of a screw-driver held at right 
angles to the case. 

The meter is fixed by two screws. The first 
secures the slotted link, at the back of the meter 
as shown in Fig. 11, to the meter board. The 
meter is then raised, allowing the link to slide 
in a specially prepared groove, thus concealing 
the screw ; a second screw is then inserted in a 
hole in the meter base, passing through the 
terminal block into the support, and is thus 
protected by the cover. This arrangement pre- 
vents the meter being tampered with, or tilted 
to upset the registration, without breaking the 
seal, 

METER SETTINGS. 

All meters are accurately calibrated with 
precision-testing apparatus. The registration at 
all loads from 5 per cent. to 125 per cent. of 
full-load is well within the requirements of the 
appropriate B.S.1. specification ; and the B.S.S. 
limits are not exceeded even on loads up to 300 
per cent. full-load. 

At light loads (5 per cent.) the registration is 
adjustable from normal to 2.5 per cent. fast, 
which is the B.S.S. limit. At the latter setting 
and with 30 per cent. excess voltage, the meter 
is not subject to a ‘ voltage-creep.”” With the 
light-load vane set to give 1.5 per cent. fast 
registration on 5 per cent. full-load, the starting- 
watts are 0.3 per cent. full-load ; with the light- 
load vane set to give normal registration at 
5 per cent. full-load, starting-watts are between 
0.4 per cent. and 0.5 per cent. full-load. 

TECHNICAL DETAILS. 
Current ratings 
Voltage 
Accuracy 
Variation in voltage ) 
Frequency and 


Power Factor 
Excess voltage 


... 24, 5, 10, 20 amperes. 
«++ 220-250 volts. 


See curves Figs. 12 and 13. 


. The meter will not run on shunt 
with 30 per cent. excess voltage 
Overload capacity. The meter is capable of withstanding 
the following maximum loads continuously, with the 
accuracy shown on the curves. 
Current Rating (amps.) 24 5 10 20 


Maximum Load (amps.) 74 15 30 30* 
*Limited by terminal capacity. 
Starting current ... The meter will start and run 


continuously on 0.3 to 0.4 per 
cent. of full-load. 
. 39 gramme-millimetres. 
28.75 r.p.m. at full-load. 


Torque 
Speed 


Weight of rotor 
Type of bearing 


... 17 grammes. 

. Pivotless. Double sapphire and 
ball. 

. Shunt loss=1.0 to 1.1 
Series loss=0.4 watt. 
Series drop=0.16 volt. 

Temp. co-efficient . 0.08 per cent. per degree Centigrade 
Insulation test .. 2,000 volts a.c. for one minute. 
Insulation resistance... Over 100 megohms. 


Losses watts. 


Fig. 14. Type UWB. All-Insulated Watthourmeter. 
Type UWB. Puase. ALL INSULATED 


Merer 23, 5, 10,20, 40 AnD 50 AMPERES. 


With the rapid extension of rural electrification 
the demand for “ all insulated ”’ Meters has grad- 
ually increased, particularly for locations where 
the provision of earthing facilities is difficult. 

The extensive experience of the Company 
in the design and production of bakelite mouldings 
places them in a favourable position for providing 
a well designed insulated base and cover for the 
Type UW Meter Element. 

Accurately designed and well-moulded in suit- 
able bakelite, the insulated meter under the symbol 
Type UWB is undoubtedly a very attractive 
instrument, and is a valuable component in any 
* all insulated ’’ house service scheme. 
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Some idea of the strength of the moulding 
employed may be obtained from Fig. 15, which 
shows one of these meters mounted in the normal 
manner, with weights totalling 224 lb. placed 
direct on the meter cover. 


As the design offers a number of features of 
practical interest, a brief description follows. 


GENERAL CONSTRUCTION. 

This meter comprises the well-known “ English 
Electric’ Single Phase Element Type UW 
(approved by the Electricity Commissioners), the 
design, construction and technical features re- 
maining unchanged. 


CASE. 
The element is housed in a handsome solid 
moulded base, and cover of finest quality bakelite, 
Fig. 14. 


The base is a 
very rigid moulding 
of ample section, 
the terminal-block, 
fixing-lugs and 
handle-bracket, 
being moulded in- 
tegral with the 
base. The element 
is carried in the 
base on a special 
chassis, giving two 
point 
The upper edge of 
the base is perfectly 
flat to ensure a 
really dust and 
damp proof joint 


suspension. 


between the base 
and the cover 
gasket. 


The cover is a 
moulding of excep- 
tional strength, 
and has a_ gasket 
channel to accom- 
modate a 
cord gasket of large 
section. 


round 


Fig. 15. Test carried out to show 
strength of Bakelite Case. 
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Fig. 16. 


Bakelite Case, showing cable entry. 


The heavy gauge window is housed within a 
deep recess which is suitably strengthened by 
adequate beading moulded with the cover, 
the cover being reinforced by solid bakelite webs, 
The window is puttied in and secured by brass 
clips which are retained by studs and nuts. 
The window studs are moulded into blind holes 
from the inside of the cover. 

The cover which is secured to the base by 
tension rods so located that neither the cover 
nor base can be accidentally broken during 
screwing up. 

TERMINAL BLOCK. 

The terminal block embodies interesting and 
attractive features. It is moulded solid with the 
base to give the whole unit a degree of excep- 
tional strength. This design also precludes the 
possibility of ingress of dust and moisture at 
the point where the terminal block and base fit 
together as in some designs. 

The insulated cable entries (Fig. 16) into the ter- 
minal block are cone-shaped and of a depth which 
avoids any possibility of the live end of the 
cable being exposed during wiring-up. The cable 
socket is drilled to ample depth which ensures 
that the bared end of the cable is correctly 
gripped by both pinch-screws in each block. 

These features make for ease of installation, 
it being unnecessary to cut the insulation back 
with any great degree of accuracy. Pinch screws 
of ample size are fitted and these are readily 
accessible for wiring up. 
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Base of Baketite Meter Type U.W.B. 


MOULDED INSERT FOR 
FIXING ELEMENT. 


CenTRAL SupportT__ 
FoR CHASSIS. 


SHUNT LINK. 
Captive 


BLock E. 


Fixinc Howes. 


Terminar Cover Nur. 


Termina Cover. 


Fig. 17. Base of Bakelite Meter Type UWB, 


Between each pair of inserts a wide rib of 
bakelite stands proud of the metal to give 
adequate creepage distance between live parts, 
and to prevent accidental short-circuit if it should 
be necessary to work on a live meter. 

Where the terminal inserts project into the 
meter case, solid moulded webs standing proud 
of the metal give exceptionally long creepage 
distances. 

The ends of the series windings are secured 
to the inner ends of the inserts by a special 
design of fixing This arrangement 
facilitates connecting and disconnecting the 
elements from the base. Each of these screws 
is fitted with a captive washer to ensure perfect 
connection between the winding and the insert. 


screw. 


SuuntT DiscoNNECTING LINK. 

A shunt disconnecting link of special interest 
is fitted, see Fig. 17, and to disconnect the shunt 
from the series winding, screw A and screw B are 
loosened and the link is slid over to the right. 
The link then lies within a bakelite recess C and 


WEBS BETWEEN INSERTS. 


Series Connection Screws. 
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cannot accidentally fall across any live 
connections. The testing-voltage lead is 
then plugged into an additional hole D 
in block E, using a special plug which 
will be supplied if required. This 
arrangement ensures a considerable saving 
in test room time for connecting and dis- 
connecting and also reduces the risk of 
accidental short-circuit between tempor- 
ary wires. 
FIXING. 

A three-point fixing is employed. At 
the top of the meter is a single rugged 
fixing lug having an inverted keyhole- 
type hole. The lug is of bakelite solid 
with the base. Two fixing holes are 
provided through the bakelite terminal 
block. These fixing holes have a long 
parallel hole to support the screw during 
insertion. An ample recess is provided 

for the screw head. 

Three screws are provided with each 
meter. One screw lin. x 10 G for upper 
lug. Two screws 14 in. x 10 G for 
terminal block. 

Although no special tools for fixing 

can be considered essential, there is no doubt that 


Fig. 18. Type UWB. Meter, with cover removed. 
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a saving in time for installation is effected by the 
use of a special tool for boring the mounting 
board. This tool is provided free with each 
batch of 25 meters supplied. 

TERMINAL COVER. 

Two types of cover are available. The stan- 
dard pattern fits flush on the top of the terminal 
block and is used for “ front of board ” wiring, 
whilst the extended terminal cover is supplied 
for “ back of board” wiring, its purpose being 
to conceal the wiring completely. Both types 
are slotted to permit of easy removal without 
the necessity of completely removing the thumb 
nut. 
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Two channels, one on each side of the terminal 
block, engage with strong ribs on the terminal 
cover to give increased rigidity. 


SEALING. 
Provision is made for three sealing points, two 
on the meter cover, and one which is independent 
on the terminal cover. 


WEIGHTS AND SIZES. 
Weight—5} lbs. 


Overall size with standard terminal cover— 


7%" x 43” x 5,5," deep. 
Overall size of extended terminal cover—10}" 


x 43” x 5,4" deep. 


Tyre UWB. 


A.C. Arc-Welding Equipments. 


By T. A. LONG, A.M.I.E.E. 


The field of application of electric arc welding is 
extending considerably and the Company have 
met this expansion by adding an A.C. are welding 
equipment to their range of electric welding 
products. Large numbers of these equipments 
have been supplied and are giving efficient and 
trouble-free service amongst a wide variety of 
industrial users. 

Considerable attention and research has been 
given to welding in recent years as witness the 
Welding Symposium held in May, 1935, under 
the auspices of the Iron and Steel Institute. 

Prospective users of welding equipment can, 
with every confidence, adopt welding without 
further protracted individual tests and research. 
There is no doubt that in a great many cases, 
fabricated welded structures can be used instead 
of castings or built up riveted or bolted structures 
with an appreciable economy in cost and weight. 

Electric arc welding with the scientifically 
fluxed electrodes now available is a process which 
on account of its efficiency, low cost, speed and 
all-round adaptability compares very favourably 
with any other method for the joining together of 
ferreous metals. 

All grades of commercial steel may be electrically 
welded with the exception of tool steel and spring 
steel which have a very high carbon content. 

It is also possible to weld stainless steel although 
this requires careful control of the welding current 


and it is essential to have the correct electrode to 
suit the particular grade of parent metal. Stain- 
less steel is a poor conductor of electricity and for 
this reason it is necessary to use only a short 
length of the electrode, say 3 inches, and then to 
change the electrode and allow the first one to 
cool down. If this precaution is not taken the 
electrode is liable to become red hot and further 
welding becomes impossible. 

Compared with the oxy-acetylene or the gas 
method of welding the electric-are method has 
many advantages. In gas welding a_ high 
temperature flame is produced by the ignition of 
a mixture of two gases, usually oxygen and 
acetylene. It is necessary correctly to proportion 
the gas and to maintain the correct gas pressure, 
and these are controlled by devices on the torch. 

The welding process consists first of pre-heating 
the metal to be welded with the torch flame and 
when this is molten the weld metal is added with a 
filler rod. It is necessary constantly to play the 
flame over the molten pool of metal with the 
result that a wide area of metal around the point 
of welding reaches a high temperature, for this 
reason thermal stresses and distortion effects are 
very bad and the oxy-acetylene method cannot 
be recommended for high quality welding. 

Even where the quality of weld deposit is not 
of paramount importance it is found that in spite 
of the comparatively low initial cost of the 
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equipment the operating costs are so high as to 
make the method uneconomical. The overall 
working costs of the electric-are process are con- 
siderably lower than with gas welding : the speed 
of welding is higher and as the heat is definitely 
localised distortion effects are not evident to the 
same extent. 

The chief application for an oxy-gas or oxy- 
acetylene torch equipment is for cutting ; and used 
for this purpose it is a very valuable adjunct to an 
are welding plant as unusual metal shapes may 
be accurately cut out prior to assembly and 
welding by the electric-are process. 

This description of the electric-are process is 
confined to the more generally used process of 
metallic are welding. In principle this process 
consists of striking and maintaining an electric 
are between the work to be welded and a metal 
rod or electrode gripped in a suitable holder. 

A higher voltage is required to initiate or strike 
the are than is required to maintain it. As soon 
as the are is struck a very high temperature 
(approximately 6,500 deg. F.) is created at the 
point of welding. Under the intense heat 
developed a small part of the work to be welded 
and the tip of the electrode is brought to a molten 
state. The molten parent metal is agitated by 
the action of the are and tiny globules of molten 
electrode metal are impelled across the are stream 
and intimately coalesce forming a homogeneous 
whole. It should be appreciated that the globules 
are impelled along the are stream electrically and 
do not fall simply by the force of gravity. 

This explains why it is possible to weld satis- 
factorily in an overhead or vertical position. It 
is, of course, easier to weld in the downward 
position where gravity assists the are stream, and 
this position should be chosen wherever possible. 

It is well known that molten metal very readily 
takes up oxygen and nitrogen. If exposed to the 
atmosphere, molten steel enters into chemical 
combination with the atmospheric oxygen and 
nitrogen to form oxides and nitrides which 
become entrapped in the steel. These impurities 
tend to change the physical properties of the 
steel and to weaken and embrittle it as well as to 
These difficul- 
ties were recognised early in the development of 
electric are welding and much time and research 


lessen its resistance to corrosion. 


has been spent to produce an electrode which 
would overcome these draw-backs. 

There are various types of electrodes on the 
market which are covered with a flux, the object 
of which is to protect the arc stream and to act as 
a reducing agent. The advent of the shielded-are 
electrode is the latest advance in this direction and 
this has stillfurther improved the quality of welding 
and eliminated to a large extent the need for the 
preparation of the joints by veeing or other means. 

The object of the shielded-are electrode is to 
protect the are stream and small pool of molten 
metal by a shielding envelope of gas such as 
hydrogen. Hydrogen is a very active reducing 
agent and if the gas shield can completely protect 
the arc the injurious chemical combination with the 
gases in the atmosphere cannot take place. This 
is accomplished without the deposition of a heavy 
layer of slag, and with a good quality shielded- 
are electrode the slag can be easily brushed off 
with a wire brush, no chipping being necessary. 

The successful use of shielded-are electrodes has 
led to the adoption of heavier gauge electrodes 
using higher currents. There is no doubt that 
the trend of welding at the present time is towards 
the use of fewer runs of heavy gauge electrodes 
instead of using small electrodes and multiple 
runs. This point has been exhaustively investi- 
gated by a number of independent research 
engineers. The result of these tests show almost 
complete unanimity that there are no deleterious 
effects in using the heaviest possible gauge of elec- 
trode and that, in fact, the test results are better. 

Shielded-are electrodes are characterised by a 
high are voltage drop and by the fact that the 
flux covering burns at a slower rate than the metal 
core. The application of shielded-are electrodes 
has made evident the advantages of A.C. are 
welding. 

It is well known that either alternating or direct 
current can be satisfactorily used for welding. 
The English Electric Company manufacture both 
types of equipment, and these are regularly in 
use in their welding and fabricating shops. 


In the past there has been divergence of opinion 
as to the relative merits of the two processes. A 
number of harmful and entirely fallacious views 
have been held regarding the A.C. process, but 
these are rapidly changing as experience of recent 
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A.C. welding equipments is proving its suitability 
for wide applications. 

Apart from the ease with which it is possible to 
transform an alternating current supply to the 
correct current and voltage, the application of 
alternating current for welding has a number of 
other noteworthy advantages. 

With the use of heavy gauge electrodes and the 
consequent high welding currents the magnetic 
blow effect associated with the D.C. process makes 
it difficult to deposit good quality weld metal in 
awkward places such as inside tanks, corners and 
joints requiring overhead welding, whereas the 
A.C. process entirely eliminates this disadvantage 
and has led to its general adoption for heavy 
current welding. 

In America, where D.C. welding has been held 
high in favour, it has become recognised that the 
A.C. process holds many advantages and A.C. 
welding equipments have been developed there for 
500, 750 and 1,000 amp. units per operator. 

The progress in high current heavy gauge 
welding has not been quite so rapid in this country, 
but equipments for the supply of 400 amps. per 
operator are now becoming quite frequent. 

A.C. welding equipment is considerably cheaper 
in initial cost compared with a D.C. equipment of 
an equivalent output, and has also an appreciably 
higher operating efficiency. As a rough guide the 
approximate ratio between initial cost of A.C. and 
D.C. equipments is 0.55/1 and the ratio of their 
efficiencies 1/0.7. 

One of the chief criticisms levelled against the 
general process of welding has been 
the reliance that it is necessary to 
place upon the skill of the welding 
operator. Although test samples can be 
made and tested in the laboratory such 
samples are not necessarily an accurate 
guide to the quality of welding actually 
being consistently carried out on a pro- 
duction job. It is acknowledged that a 
good class welded joint is the cheapest 
and most efficient method of joining 
two pieces of ferreous metals and such 
joints can be made stronger than the 
parent metal. 

Any process of welding, therefore, 
which tends to minimise the possible 


errors of the operator is to be recommended, and 
it can be fairly claimed that consistently good 
quality welding can be attained with the A.C, 
process. 

This claim is based on the fact that with the 
A.C. process a long-drawn-out arc is not possible. 
It is essential in welding that a short are be main- 
tained in order to secure an efficient energy trans- 
fer and good penetration of the deposited weld 
metal into the parent metal. With a drawn-out 
are a good quality weld deposit would not be 
possible. The weld metal would simply be 
‘* puddled in ” with very little penetration. 

The advantage gained, therefore, is that the 
A.C. are constrains the operator to keep the arc 
consistently short during welding. It might be 
thought as a parallel to this that the A.C. arc is 
hard to hold, but that is not the case, the 
operator finding in practice that it is as easy to 
maintain an A.C. are as it is a D.C. are. 

So far only the advantages of A.C. welding with 
reference to the welding process itself have been 
mentioned. The electrical advantages are well 
known and need not be stressed. The advantage of 
having a welding equipment without moving parts 
or intermediary converting losses is self-evident. 

In respect of the power factor of welding loads a 
careful comparison between the usual types of 


A.C, and D.C. plant shows that a low operating 
power factor is common to both types and any 
advantage lies slightly with the A.C. equipment. 
With the Company’s type of equipment the 
operating power factor is of the order of 0.5 on 


‘Fig. 1. Carrying out a Repair to a Mechanical Navvy by means of A. C. 


Are Welding ; the Portable Equipment is seen on the right. 
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an average multi-operator equipment. This is not 
so serious as it might at first appear as the welding 
load of the average industrial undertaking is only 
a very small proportion of the total load. The 
reduction of power factor is not usually sufficient 
to affect any tariff rebate allowed by the Supply 
Company for good power factor. It is, of course, 
always possible to correct the low power factor by 
means of static condensers but their installation is 
not recommended except in the case of large 
installations.. It must also be remembered that 
the ratio of connected time to welding time is in 
the average welding shop of the order of 40 per 
cent. That is to say, when allowance is made for 
changing of electrodes, de-slagging, etc., the time 
actually spent on welding would be 40 per cent. 
of the time the plant was connected to the supply 
system. During the remaining 60 per cent. of the 
connected time the plant is only drawing sufficient 
electrical energy from the supply system to feed 
the ‘‘ no load ”’ losses. 


It may be opportune at this stage to point out 
that for the welding of certain non-ferreous metals, 
such as copper, that D.C. is essential. D.C. 
welding is also generally acknowledged to be 
superior for bare wire welding. The question of 
whether bare wire welding is in any circumstances 
more economical or satisfactory for even certain 
applications is a controversial point. It is certain, 
however, that where a good quality weld deposit 
is required having ductility, a good grade flux 
covered electrode is essential. The ultimate 
tensile strength value of a bare wire weld is 
approximately half that of a weld made with a 
good quality fluxed electrode. 


Another defect, in bare wire welding is the low 
Izod impact values obtained in the joints which 
means that the resistance to shock loads is low 
and a bare wire weld should only be used where 
the load on the joint is quite static. 


The English Electric Company’s A.C. 
welding equipment consists essentially of a 
transformer unit feeding one or more welding 
regulators. The transformer may be _ either 
of the indoor or outdoor type and is fitted with 
primary tappings at 380, 400, 420 and 440 volts 
to make it suitable for use on any supply system 
within this range of voltage. 


are 


The primary tappings may also be used as 
secondary voltage adjusting tappings, if necessary, 
to compensate for any excessive voltage drop in 
the inter-connecting cables. 

The normal secondary pressure of the supply 
transformer is 90 volts and this is the voltage 
available to the operator for striking the are. 
The secondary pressure of 90 volts was chosen 
after very careful investigation and is based on a 
wide experience of welding for all classes of 
application. It is also generally acknowledged by 
welding engineers that this voltage is necessary 
for satisfactory welding with shielded are elec- 
trodes having high are voltage drop characteristics. 

The Home Office Regulations fix an upper limit 
of 120 volts for A.C. welding equipments and the 
secondary pressure of 90 volts easily conforms, 
therefore, to these requirements. 

Every care has been taken in the design of the 
equipment to safeguard the operator and to 
render the equipment safe and fool-proof so that 
no unauthorised person is able to gain access to 
any line or vulnerable part of the equipment. 

The welding regulator serves as a means for 
each individual operator to control the welding 
current to a value suitable for the particular 
type and size of electrode being used. The appro- 
priate current value is controlled by means of 
tappings connected to an externally operated 


APPLIEO VOLTS 
(V app) 
REGULATOR VOLTS 
(Vv REG) 
Arc VoLTs. 
(Vv Arc.) 
Fig. 2. Vector Relations of Arc and Regulator Voltages. 
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tapping switch, which is fitted with a notched 
plate graduated in welding amperes. 


The welding amperes marked on the switch 
plate are substantially correct,independent of the 
type of electrode being used, as may be seen by a 
consideration of the electrical conditions of the 
circuit. 


It is well known that the are voltage drop varies 
with the type of electrode ; the bare wire electrode 
having an are voltage drop of approximately 
18 volts whereas the heavy shielded arc electrode 
may have a voltage drop of the order of 35 volts. 
The are voltage is practically in phase with the 
welding current and the regulator voltage in 
quadrature as shown in Fig. 2. The applied 
voltage from the supply transformer is constant 
at 90 volts and any change in the welding current 
is proportional to the change in the regulator 
voltage. 


NOW VY Reg. = r/ Vapp? —V arc? 


Let us now assume that the regulator is set by 
means of the tapping switch to give an output 
of 200 amps. (to suit a 4-gauge electrode) and 
that the are voltage drop is 25 volts for the 
particular type of electrode being used. Substi- 
tuting in the formula to give regulator volts we 
have :— 


V Reg. = A (90)? — 252 86.8 volts. 


If an electrode of the same size but having an 
are voltage drop of 35 volts is used it is found that 
the reactor voltage will be 83.3 volts. It will be 
appreciated that a 40 per cent. variation in the 
are voltage is very large, but even so, this varia- 
tion only results in a 2 per cent. change in the 
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Fig. 3. Oscillogram of Welding Current and Are Voltage. 
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Fig. 4. 250 ampere output Welding Regulator. 
regulator voltage, and, in consequence, only the 
same small change would take place in the welding 
current, i.e., from 200 to 196 amps. 


This important relationship between the arc 
voltage and the regulator voltage is of great value, 
as it renders unnecessary the use of separate 
ammeters for the measurement of the welding 
current, and also serves to give the welding 
regulator an automatic self-regulating charac- 
teristic independent of the type of electrode 
being used. 


The welding regulator is also designed to serve 
one other important function, viz., to maintain 
the welding current as near sinusoidal as possible. 
Fig. 3 shows a copy of an actual oscillogram of the 
welding current and are voltage. The oscillo- 
gram shows clearly how closely the welding current 
conforms to the ideal sine-wave shape and that 
“dead ” periods when no power is given to the 
are are entirely absent. The value of this condi- 
tion is to ensure that the welding arc is stable, 
free from spluttering and that a good sound homo- 
geneous weld free from porosity is deposited, and 
photo-micrographs of the weld deposit prove 


= 
| 6) q 
= 
— 


THE ENGLISH ELECTRIC JOURNAL 
this to be the case. Fig. 4 shows a 250 ampere 
output welding regulator. 


The regulator is of robust construction and 
weatherproof for outdoor service without any 
further protection. Special care has been taken 
in the design of the unit to make it suitable for 
the rough usage likely to be met with in shipyards 
and fabricating shops. The regulator shown 
would in most cases form one unit of a multi- 
operator set. A multi-operator welding equipment 
consists of a specially designed transformer 
supply unit for supplying electrical energy to a 
number of separate welding regulators. 


It is desirable to limit the number of regulators 
being supplied by each transformer to a maximum 
of twelve. This recommendation is made so that 
it will not be necessary to provide cables for an 
uneconomic heavy low-tension current which 
would have high stray losses and excessive 
voltage drop. 


In the layout of the electrical equipment for a 
welding shop in which A.C. are welding plant is 
used certain precautions are necessary to ensure 
satisfactory operation. One of the more important 
of these, especially with heavy current welding, 
is the avoidance of excessive voltage drop along 
the length of interconnecting cables. This voltage 
drop would manifest itself as a reduced voltage at 
the regulator terminals and, if excessive, would 
tend to interfere with the welding process. 


As an indication of the voltage drop that may 
be expected due to the impedance (reactance and 
resistance) of the interconnecting cables the 
following conditions will be 
assumed and a typical case 
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on the phase under consideration are each being 
operated at their maximum output of 250 welding 
amperes. 


The phase to neutral voltage is nominally 90 
volts but this is compensated for in the design, 
for the average voltage drop ; and the open-circuit 
voltage at the transformer terminals is actually 
95 volts. It will be seen that the current flowing 
from the transformer along the distance D to 
the first regulator point is 500 amps., i.e. the sum 
of the two welding currents. The current from 
the first to the second regulator is 250 amps., i.e. 
the distance D,. 


Theoretically, the cable size between the first 
and second regulators could be reduced in section 
on account of the lower current. In practice very 
little, if any, saving would be effected by taking 
advantage of this reduction in current owing to 
the relatively short length of cable entailed. The 
distance between conductor centres is assumed to 
be 3 in. and from a consideration of the formula it 
will be seen that the two cables should be kept as 
close as possible for the minimum voltage drop. 


The impedance drop in the cables consists of 
the sum of the reactance voltage drop and the 
resistance voltage drop in quadrature, i.e., added 
at vector right angles. 


Now % Reactance 


8.81 x Ix D 


x log 128 x d 


at 50 cycles. 
E x 103 


where [—amperes. 


3 PHASE Suppvy. 


calculated. Each phase should 
be considered separately and 


the calculation repeated for 


the other two phases. It is 


assumed that a 6-operator 
transformer as shown in Fig. 5 
is feeding six 250-ampere weld- 
ing regulators. In order to 
estimate the worst possible 
voltage drop it is also assumed 
that the two welding regulators 


Fig. 4. 
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E= Applied volts (open circuit). 
D= Distance transformer to welder in feet. 


d= Distance centre to centre of cables in 
inches. 


r=radius of copper cable in inches. 


Considering firstly the reactance from the trans- 

former to the first regulator and substituting we 
have :— 

8.81 x 500 x 40 1.28 x 3 

Reactance = x log 

95 x 10% 215 

= 1.86 x log 17.8=2.32%, 
Reactance drop=95 0.0232 =2.2 volts. 
0.84 x Length in feet x 10-° 


Resistance (ohms) = - 
( Section (sq. ins.). 


0.84 40 « 10-9 
Substituting = — = 


0.0028 ohms. 


Resistance drop=500 x 0.0028 = 1.4 volts, 


Total Impedance voltage drop in cable= 


2.2? 


This is the total volt- 
age drop in the cables up 


1.47 2.61 volts. 


to the first welding regu- 
lator. The calculation 
can now be repeated for 
the 30 ft. length of cable 
carrying 250 amps. be- 
tween the first and second 
regulator, which gives 
an impedance voltage 
drop in that length of 
cable of 0.98 volts. To 
this must be added the 
voltage drop to the first 
regulator giving a total 
voltage drop at the ter- 
minals of the second 
regulator of 3.6 volts. 


It is interesting to note 
that if the spacing be- 
tween the cables had been 
36 in. instead of 3 in. as 
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assumed in the calculation, the voltage drop at 
the first and second regulator would have been 
increased to 4.36 volts and 6.1 volts respectively. 
These calculations assume that there is no 
magnetic material in close proximity to the 
current carrying cables as this should be avoided 
as far as possible otherwise the voltage drop will 
be materially increased. 

It is evident that where the welding regulators 
are situated at distances remote from the supply 
transformer this question of voltage drop may 
assume serious proportions unless precautions 
are taken to minimise it. 


In a multi-operator set it is very necessary that 
each welding operator should be able to work 
quite independently without electrical interference 
from adjacent operators being supplied by the 
same transformer supply unit. An instance of 
this interference may take the form of, say, one 
welding operator using a No. 12 gauge electrode 
finding it difficult to maintain a stable arc, if one 
or more adjacent operators were using, say, No. 4 
gauge electrodes. 


It is possible to achieve this 
freedom from interference by the use of special 


Fig. 6. Multi-Operator Welding Transformer with three of the six Regulators being 


supplied. 
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internal connections and 
liberal design and rating of the 
active material in the trans- | 
former. 


Fig. 6 shows a multi-operator 4 
transformer with three of the a 
six regulators being supplied. 


Fig. 7 shows a typical diagram 
of connections for a multi-opera- 
tor set and also shows the cur- 
rent distribution if only one 
phase is loaded. This condition 


is the worst possible condition Lv 
DisTRIBUTORS 


of electrical unbalance that can 
arise and would only occur in 
the event of all the welders at 
work being connected to the same 
phase of the supply transformer. 
The assumed condition is extreme 
and in practice unlikely ever to 
occur, but even so it clearly de- 
monstrates how the current would 
be distributed between the phases 
and in the interconnecting cables. 
In normal operation with the 
full complement of operators at work a balanced 
symmetrical loading of the supply system would 
result. 


Fig. 7. 


Where a number of welding operators are 
required to work in fairly close proximity to each 
other, such as in shipyard welding or in an 
engineering fabricating shop, the multi-operator 
equipment is strongly to be recommended. The 
initial cost per operator is minimised and the 
overall efficiency and running costs are appreci- 
ably better than if a number of single operator 
equipments were installed. In cases where for 
the present only a relatively small amount of 
welding is carried out but where it is anticipated 
that this will be increased, it is advised that a 
transformer unit large enough to meet the antici- 


pated load be purchased but only sufficient 
welding regulators to meet the immediate 
requirements. 


This form of purchase will allow the addition 
of further welding operators at the least possible 


by 
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Seaton Fuse. 


SUBSTATION 
TRANSFORMER. 


Bus 


WELDING REGULATORS. R 


WOR 


To BE SOLIOLY EARTHED. 


Diagram of Connections for Multi-Operator A.C. Welding Equipment 
showing Current Distribution with only one phase loaded. 


cost. The listed range of English Electric equip- 
ments (Publication R.63) shows how flexible is 
the method of application. 


Fig. 8 shows a portable type single operator 
The application of this type 
of unit is usually in either small welding shops 


welding equipment. 


or for use in a large erection or repair shop where 
it is not convenient to move the work to be 
welded. For both these applications it is desirable 
to have the transformer and welding regulator 
combined in a single tank, mounted on wheels for 
ease of portability. 


The complete welding equipment can then be 
moved to the actual work in hand and the welding 
carried out with the minimum of movement. The 
unit shown on the left in the illustration is fitted 
with a fuse switch for the control of the electrical 
supply to the equipment, alternatively this could 
be fitted at the plug point if desired. 


Protected and mechanically interlocked, plug 
and socket connectors are provided for direct 
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connection by a flexible cable to the supply 
mains. The unit is mounted on wheels; the 
leading wheel being of the ball bearing castor type 
enabling it to be moved about in confined spaces. 


The supply transformer of a single operator A.C. 
Welding Equipment may be of two types. 


(1) A two-wire single-phase transformer. 
(2) The reversed vee/open delta 3/1 phase 
transformer. 


It is sometimes claimed for the 3/1 phase trans- 
former that it converts the 3-ph. supply current 
to the single-phase current necessary for welding. 
This claim is not true in fact, as it is impossible to 
convert single-phase current into three-phase, 
or vice versa, with any form of static apparatus. 
The 3/1 phase transformer serves only to redis- 
tribute the single-phase current into the three 
phases of the supply. 


The current in the primary of the transformer 
remains, however, single-phase in character and 
returns as such to the supply mains. Figs. 9 and 10 
show an analysis of the conditions with the two 
types of transformer. It will be seen that the 
3/1 phase form of connection effects a slight gain 
in the current distribution but this is more than 
off-set by the disadvantages that result. 


The comparison between the two types of 
transformer may be summarised :— 


(1) Ratio of current loading in supply 


Fig. 8. Portable type Single-Operator Are Welding Equipment. 
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INGLE PHASE LOADING ACROSS 2 LINES 


Or A PHASE System 


0:4 POWER FAacTOR LAGGING LOAD. 


Phose Pressures of Supply =Eoa; Eos, Eoc, Eco. 

Line Pressures = 43 x Pnase Pressures*= Eac; Esc; Eas. 
Current I of PF 0-4 Lags 66° behind os Load is 
connected ocross lines BC 

Looed Current I Lags Phase Pressure, Eos 36*= Cos 0-81. 
Load Current I tags Phase Pressure, Eco 96° = -Cos 0'105 


Supery Line AND TRANSFORMER LUNBALANCING. 


LOAD AcROSS LiNES OF A 35 PHASE SuPPLy 


Power Factor Loap. 


Prase A Puase B PHASE C. 
PF = PF = O'105 


Tora. | Power |Reactive| Torta. | PoweR |REAcTivE 
Ames | Amps | Amps | AmPs | Amps AMPS 


100% | 81% | 58°8%| 100% | | 99 5% 


Fig. 9. 


mains and substation transformer is :— 
Single-phase welding transformer 1: 1. 
3/1 phase welding transformer 1/2: 1: 1/2. 
As the limit of the loading of the supply 
mains is the limit of the loading of any 
one of the supply lines no advantage is 
gained by the 3/1 
phase transformer. 
(2) Owing to the low 
internal power- 
factor of the 3/1 
phase type of con- 
nection 15 per cent. 
more kVA. of plant 
is required to be 
installed by the 
supply company and 
the consumer, for 
the supply of a given 
single-phase load 
through a 3/1 phase 
transformer. 


Eos I 
Eco 
y 
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LOADING OF A PHase System 8Y_ USE 
OF OPEN DELTA/ REVERSED VEE (3/1 PHASE) 


0-4 Power FacToR Load 


INGL PHAS 


TRANSFORMER 


ee 


Eos 


Eca 
A Cc 


Phose Pressures of Supply » Eos, Eoc= Eco. Eoa: Eso 

Lead Current Is = 100%, In = 50%, Ic * 50% 

Ie lags behind Eos 66° = 0-4 PF Iag 

Ia lo behind Eoa 6° = 0:99 PF lag 

Ic lags behind Ecc l26* = -0-588 PF lag = 0:588 PF lead 


Suppy Line ano TRANSFORMER UNBALANCING 


SINGLE PHASE LOAD THROUGH 3/1 PHASE TRANSFORMER 
Power Factor Load 
Puase A. Prase Pwase C. 

PF = 0:99 PF= 0:4 PF = 0588 Lead. 
Tota. |Power [Reactive] Toran | Power |Reacrive|Tota. | Power [Reactive 
Amps Amps | Amps | Ames | Amps Amps | Amps | Amps Amps 
50% |49°5%| 52% | 100% | 40% 91% 50% | 29°5%| 405% 

Fig. 10. 


(3) The increase in transformer losses, due 
to the increase of installed kVA. of plant, 
as explained under (2), is of the order of 
22 per cent. 


(4) The 3/1 phase transformer costs approxi- 
mately 17 per cent. more than a single- 
phase tranformer of equivalent kVA. 


output. 
(5) 


If it is desired to correct for the low power 
factor load, this is quite a simple appli- 
cation with the aid of static condensers in 
the case of a single-phase transformer, but 
becomes a considerably involved appli- 
cation for a 3/1 phase transformer. 

(6) The loading of a 3/1 phase transformer 
across the supply mains cannot be 
balanced by the addition of other single- 
phase loads without the running of an 
additional fourth wire to the neutral of 
the substation transformer. This is not 


always convenient and is not necessary 


in the case of the straight single-phase 
transformer connection. 


The question of single or 3/1 phase trans- 
formers has been dealt with at some length as 
it has been found that some supply engineers 
insist on the installation of 3/1 phase trans- 
formers and are evidently under a wrong im- 
pression as to the relative merits of the two 
types of transformer. 


As a general guide to prospective users of 
welding equipment the following table may be of 
service. 


Electrode Gauge 14 12 10 8 6 4 


Welding Current 40 65 105 135 165 190 
Time, minutes, per 

footof weld... 1 14 2 8 3 34 
Are Volts a0 22 22 25 27 30 32 


K.W.H. (units) ft. 9.013 0.032 0.078 0.16 0.22 0.31 


The above table is only an approximate guide 
as so much depends upon the welding operator, the 


Fig. 11. Large Stator Frame of 13,125 kVA, Alternator in 
process of fabrication, 


Eco ° I 
28 8 
| 
| 
| | 
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preparation of the joint and its accessibility, but 
the figures given are average for a plain butt weld 
joint and the times given allow for de-slagging and 
changing of electrodes. It will be appreciated 
that only a rough guide is possible as the optimum 
welding currents depend upon a number of factors, 
e.g., type of electrode, type of joint, i.e., whether 
butt, fillet or lap ; and also whether there is a large 
volume of metal adjacent to the weld which has 
a high thermal capacity and acts as a cooling 
medium to the electric arc. 


An experienced operator will soon know from 
the characteristic sound of the are and the way 
the metal is running whether more or less current 
is required. 


To an experienced inspector a visual examina- 
tion of the weld can be a very good guide as 
to whether correct welding practice is being 
followed. The variable factors over which the 
operator has control are the correct amount of 
current, the right length of the arc,and the correct 
speed of travel. The four chief points to be noted 
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are the burn of the electrode, the penetration or 
fusion (note the crater), the sound of the arc, and 
the appearance of the weld deposit. 

Fig. 11 shows a large stator frame of a 13,125 
kVA., 250 R.P.M. alternator in process of fabrica- 
tion. Some of the great advantages and flexibility 
of the welded type of construction can be appre- 
ciated from this example. 

The application of welding to fabricated 
structures started five or six years ago and has 
developed very rapidly during the past 12 months, 
but there is no doubt that many manufacturers of 
ferreous products could apply welding a great 
deal more extensively with appreciable saving 
in their production costs. 

The welding of fabricated structures can, to a 
large extent, be made to replace expensive machine 
and bedplate castings, thus entirely eliminating 
patterns with the consequent saving of time. Con- 
siderable reduction of weight can also be effected, 
and the structure scientifically designed with due 
regard to the stresses and strength of materials. 


5 
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q BRITISH 
ICANIT } C N | T 
INSULATOR A 
Round and Rectangulor 
Micanite Tubes. 


MADE 


BUILT-UP MICA INSULATION 
iN EVERY FORM REQUIRED BY 
THE ELECTRICAL {NDUSTRY 


Commutator End — for Cor 
Lighting ond Starting Sets and 
for Fractional H.P. Motors. 


Sheets 


in all qualities 
Rings 
Tubes 
Troughs 
Tapes, etc. 


Commutstor Micanite Segment Separators and Heat Resisting Micanite 
Plates for Electric Irons, Rheostats, etc. 

Micanite 1s manufactured at the Empire Works, Walthamstow, in every form 

required by the Electrical industry, including -— 

Commutator Micanite milled to close thickness limits in standard size sheets or as 

segment separators ready cut to size 

Hard Micanite Board for machining into washers, bases, etc 

Moulding Micanite in sheets for hot moulding into troughs and other shaped pieces 

Flexible Micanite which can be bent cold for armature slots, field coils, magnet cores, 

etc (a) in sheets without reinforcement (b) reinforced with paper 

Micanite Cloth and Micanite Silk in sheets and rolls, for slot insulation and as tape 

for armature and stator coils 

Micafolium. A thin shellac-treated paper base, on to which Mica Splittings are built 

for wrapping stator and armature bars 

Heat-Resisting Micanite for heater elements, such as electric irons and kettles, 

and for rheostat work. 

Micanite Rings and Tubes, supplied as commutator end rings, stator tubes and slot 

linings of all shapes, bobbins and tubes of circular, oval or square section. 

Micanite Washers, Discs, Plates and Machined Pieces 


THE MICANITE & INSULATORS 


X-Ray Examination of Micanite 
Sheets to Ensure Freedom from 
q Metollic Particles. 


ICANI COMPANY LIMITED 
EMPIRE WORKS, BLACKHORSE LANE, WALTHAMSTOW, LONDON, E.17 


Electrical Insulation Engi and Manufact 


aia 
4 
‘ 
4 
f 
ae 
Commutotor End Rings. 
gt ~<a | 
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4-way Box, with diving bell lid removed. 


This new selective L.T. Disconnect- 
ing Box for four-core cables provides 
more facilities for subdividing a dis- 
tribution network than now exists 


with the standard type of box. 


With this box it is also possible for 
a supply given to a large consumer 
to be safeguarded, as it allows an 
alternative supply to be connected 
up by means of a separate feeder 
from two different sub-stations, the 
change-over being effected simply by 
inserting the respective links and 
fuses. Another important point is 
the ease with which the jointing is 
done. 


Boxes for 4 and 6 cables can be 
supplied. 


Write for Catalogue 160, 2C. 


Tele. Woolwich 11/61 


IEMEN 


SELECTIVE 


LINK FUSE 


BOX 


(Patent No. 424,070) 
fitted with 


“English Electric” Cartridge Fuses 


up to 400 amps. 


SIEMENS BROTHERS & CO. LTD. 


WOOLWICH, LONDON, S.E.18 


July/August. 1935, 


Established 1858 


& 
| A Selective Disconnecting Box 


July/August, 1935, THE ENGLISH ELECTRIC JOURNAL XI 


CAPACITOR 
MOTORS 


STARTING TORQUE APPROACHING 
THAT OBTAINED WITH THREE- 
PHASE MOTORS, WITH SLIGHT 
INCREASE OF STARTING CURRENT 


* 
AVAILABLE IN ALL STANDARD ENCLOSURES 
TO MEET A WIDE RANGE OF CONDITIONS 


* 
IMPORTANT FEATURES :— 


4 Squirrel Cage Motors can be supplied 
up fo 50B.H.P., 200/480 Volts, to give 
approximately 120% full load torque 
at starting with 4 to 6 times full load 
current. 

2 Slipring Motors can be supplied up 
to 150 B.H.P., 200/480 Vollts, to give 
100% of full load torque at starting 
with 14 to iwice full load current. 


3 High efficiency and Power Factor 

4 Reasonably quiet operation as these 
machines operate practically as Two- 
Phase Motors due fo the arrange- 
ment of the windings. 

5 Condensers are of Paper Dielectric 
type specially designed for use with 
‘English Electric’ Motors. 


ENGLISH 


ELECTRIC COMPANY LTD. 


Queen's House, Kingsway. London,W C 2 


Works: STAFFORD, BRADFORD,RUGBY, PRESTON. 
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— REGISTERED OFFICE — 


WEDNESFIELD, Nr. WOLVERHAMPTON 


Manufacturers of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 

CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 

PICKLED SHEETS, PLATES, <° THICK & UNDER, 

CIRCLES, Etc. ALSO SPECIAL DEEP STAMPING 
& WELDING QUALITY. 


WORKS - 


WEDNESFIELD STEEL CO., MIDLAND SHEET CO., 
WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE WORKS, WEST BROMWICH. 
Phone: FALLINGS PARK 31375. Phone: TIPTON 1530. 


The vast tonnage of copper which is annually 
consumed by the electrical industry takes a great 
variety of forms and necessitates the manufacture | 
of a diversity of alloys in addition to copper itself. 


BOLTON 


Bolton’s copper and copper alloy products meet y 
every need of the electrical industry for such 
materials, ranging from the fine gauge cadmium 
copper wire oe in telephone flex to the heavy 
cast copper end rings incorporated in large gener- 
ating plant. 


Office; 
MERSEY COPPER 
WORK! WIONES 


168 REGENT ST. 
wa 


Alternator reproduced by courtesy of 
The Engi sh Electri Compe 


CITY 


AND STEEL 
MIDE TD, \ 
3 
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BRITISH MACHINE TOOL MAKERS 
‘Grosvenor Gardens, “LIMITED. London, 


ABMTM 
TOOLS 


COVER THE 
MANUFACTURING 
Ww 0 R L D The A.B.M.T.M. group of machine-tool makers covers the whole 


field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the main specialities of the Associated firms, as given below, 
customers have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of the whole group. 


The abundant advantages thus provided by group co-operation will 
be obvious. The after-sales service provided is of a kind beyond the 
scope of the single manufacturer. 


THE MAIN SPECIALITIES AY 
of the Associated Firms areas follows: 


Drilling Machines. James Archdale & Co., Ltd. 
Birmingham. 


Lathes. John Lang & Sons Ltd., Johnstone, 
Glasgow. 

Boring Machines and George Richards & Co., Ltd., Man- 

Boring Mills. chester. 


Gear Cutting Machines. J. Parkinson & Son, Shipley, Yorks. 


Grinding Machines. The Churchill Machine Tool Co., 
Ltd., Manchester. 


Turret and Capstan H. W. Ward & Co., Ltd., Birming- 
Lathes. ham. 


Planers, Slotters, etc. The Butler Machine Tool Co., Ltd., 


Halifax. 
Plano Millers \ Kendall & Gent (1920) Ltd., 
Screwing Machines Manchester. 
Milling Machines. J. Parkinson & Son, Shipley. 
Jas. Archdale & Co., Ltd., Birming- 
am. 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 
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THE “ARCLIGHT” EFFICIENCY DRAFTING TABLE 


RIGID — ACCURATE — COMPACT — CONVENIENT 


SO OF THESE TABLES RECENTLY SUPPLIED 
TO ONE LEADING AIRGRAFT FIRM 


THIS IS ONLY ONE OF MANY EXAMPLES, WHICH 

PROVE THE STERLING VALUE AND EFFICIENT 

PERFORMANCE OF THIS MODERN DRAWING OFFICE 
UNIT 


FULL PARTICULARS FROM THE SOLE MAKERS 


MASON SONS, LIMITED 


PHOTO PRINTING EQUIPMENT SPECIALISTS 


ARCLIGHT WORKS COLCHESTER ENGLAND 
LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON-TYNE 


N 
Foot Ohiten 
to contra height 
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VERTICAL TURRET LATHES 


SIZES :—36", 42” and 52’. 


@ Self-lubricating table track. 
@ Single Helical drive to table. 


@ Centralised control at front. 


@ Micrometer adjustment to rams 
in both directions. 


@ Independent built-in motors to 
all quick traverse motions. 


Write for Brochure N.S: 77. 


The illustration shows a machine with side 
head and turret. Table 52” diameter. 


CRAVEN BROTHERS cmancuestery LTD. 


REDDISH - - - STOCKPORT. 
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Sockets & Pockets 


Not much connection between sockets and pockets at first 
thought ; but have you ever stopped to realise how small 
savings on each socket help to swell your pocket. It is 
really surprising how “ Better-Service’’ Sockets cut your 
drilling costs. 

They outlast ordinary unhardened sockets many times, and 
will have an astonishing effect on your small-tool bill. 


Start ordering ‘ Better-Service’’ Sockets to-day, and let your 
pocket feel the benefit. 


SEND FOR SAMPLE SOCKET ON APPROVAL. 
A TRIAL WILL CONVINCE YOU. 


REDUCED PRICES. 


(Morse Standard) Outside Taper 
No. | To suit No. 2 Morse 3 3 
3 4 3 
6 0 
5 9 0 
No. 2 3 4 3 
4 6 0 
re 5 9 0 
No. 3 4 6 0 
ee 5 9 0 
No. 4 5 9 0 


William Asquith, Limited, 
Well Royd Works, HALIFAX, 
ENGLAND. 
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Asquith, William, Ltd. 
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TYPICAL 


Traction Motors 


Coal Cutters 


(Pure Asbestos) 


INSULATED WIRES 


COILS WOUND WITH 
* LEWBESTOS ” 
CONDUCTORS 
DO NOT BURN OUT 


WHEN SUBJECTED TO 
HIGH TEMPERATURES 


Our booklet on Modern Armature 
Winding gives practical and technical 
information. SEND FORIT NOW! 


THE LONDON ELECTRIC WIRE 


COMPANY... SMITHS, LIMITED 


Church Road Leyton, London. E.I0. 


Tel: LEYTONSTONE 3636 (IO lines) Telg: LEWCOS.LONDON. 
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REQUISITES 


Tracing Papers and Tracing Linens 

Detail Papers 

Drawing Papers in Sheets or Rolls 

Sectional Papers in Sheets, Rolls, Books and Pads 
Drawing Instruments 


Slide Rules 


Engineers’ Drawing Boards and Tee Squares 


STRAKER BROTHERS LIMITED 


(THE BISHOPSGATE PRESS) 
Printers, Publishers & Stationers, 


194-200, BISHOPSGATE, LONDON, E.C.2 
Telephone: BISHOPSGATE 2444 


Enquiries 
welcomed 
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